Objective. We assessed the practices of U.S. population-based birth defects surveillance programs in addressing current and emergent public health needs.
Results. Three-quarters of birth defects surveillance programs used national guidelines for case definition. Most birth defects surveillance programs (86%) had a legislative mandate to conduct surveillance, and many relied on a range of prenatal, postnatal, public health, and pediatric data sources for case ascertainment. Programs reported that the transition from paper to electronic formats was altering the information collected, offering an opportunity for remote access to improve timeliness for case review and verification. Programs also reported the growth of pooled, multistate data collaborations as a positive development. Needs identified included ongoing workforce development to improve information technology and analytic skills, more emphasis on data utility and birth defects-specific standards for health information exchange, and support to develop channels for sharing ideas on data interpretation and dissemination.
Conclusion. The CDC Strategic Framework provided a useful tool to determine the birth defects surveillance areas with positive developments, such as multistate collaborative epidemiologic studies, and areas for improvement, such as preparation for health information exchanges and workforce database and analytic skills. Our findings may inform strategic deliberations for enhancing the effectiveness of birth defects surveillance programs.
Population-based surveillance of birth defects has been established in most geographic areas in the United States to understand the impact of these serious conditions on communities. Surveillance programs conduct the ongoing collection and utilization of data to support monitoring, research, prevention, and health service referrals for affected individuals. Approaches to birth defects surveillance by state health agencies or their bona fide agents (i.e., organizations designated by a state to stand in the place of the health agency) have stayed relatively constant during the past few decades. However, changes in data collection and surveillance methodology, and a shifting emphasis toward understanding the long-term health outcomes of birth defects, are altering the practices of surveillance programs. These changes underscore the need to examine the practices of these programs.
In July 2012, the Centers for Disease Control and Prevention (CDC) released "Vision for Public Health Surveillance in the 21st Century," a report highlighting six major areas (or considerations) that should be addressed to advance public health surveillance: (1) lexicon and standards, (2) global health surveillance, (3) access to and use of public health surveillance data, (4) information sciences and technological advances, (5) the surveillance workforce, and (6) analytic challenges. These considerations form the basis of the CDC Strategic Framework for public health surveillance. 1 In this study, we used five out of the six considerations (excluding global health surveillance) to examine the practices of U.S. population-based birth defects surveillance programs.
METHODS
In conjunction with the National Birth Defects Prevention Network (NBDPN), we conducted a comprehensive program survey in 2012 to obtain information about current programmatic activities of birth defects programs in the United States (including the 50 states, District of Columbia, and Puerto Rico). The survey was conducted during January-February 2012, and data cleaning and follow-up interviews were completed by fall 2013. We collected and analyzed survey data from all of the 43 operating population-based birth defects programs in the United States.
Birth defects surveillance programs in the United States find cases in two ways, actively and passively. In active case-finding programs (n517), staff members go to hospitals and provider offices to collect primary medical information and birth defects case data. In passive case-finding programs (n526), programs rely primarily on case data reported from providers, or on administrative datasets. In passive case-finding programs, some birth defects case data might not be confirmed. In our data collection and analysis, we categorized programs as active, passive with case confirmation, or passive without case confirmation. 2 We further categorized programs by whether they started before or after 1997, thereby distinguishing newer programs from their more established counterparts. We conducted data cleaning and analysis using Microsoft ® Excel ® and SAS ® version 9.3. 3 In addition to the survey of all 43 U.S. programs, we conducted semi-structured in-depth interviews with directors from nine birth defects programs using Maxwell's interactive approach 4 with purposeful selection and coding strategy. The purpose of these interviews was to further understand how programs were addressing CDC Strategic Framework considerations. The nine programs were selected by picking one newer program and two established programs for each of the three case-finding categories using the following criteria to ensure program diversity: population size, engagement in multistate data collaborations, case inclusion beyond structural and genetic conditions, and funding base ( Figure) . The nine selected program directors were provided a link to the CDC Strategic Framework and asked to make qualitative comments about each area of their program. The semi-structured interviews occurred in November-December 2013 and lasted approximately 90 minutes each. We took written notes using AudioNote ® , 6 and we developed a codebook to code transcription data in ATLAS.ti ® . 7 
RESULTS

Lexicon and standards
The first consideration in the CDC Strategic Framework focuses on lexicon, concepts, and standards. Core to all programs is how the conditions collected are defined and whether or not there are standards in the case definitions across population-based programs in the United States. A total of 33 of the 43 programs reported that they used a clinical case definition for birth defects, including all 17 programs with active case finding and 16 of the 26 programs with passive case finding. Of the 33 programs using a clinical case definition, a total of 25 used a national guideline (i.e., the National Birth Defects Prevention Study) ( Table 1) .
Several themes related to standards and lexicon emerged during the semi-structured interviews. First, several interviewees observed that birth defects surveillance programs fit within the larger public health surveillance practice, which often uses jargon that can easily be misunderstood by program stakeholders. For example, the terms "surveillance" and "monitoring" often elicit connotations associated not with public health surveillance, but with big government. Second, several interviewees stressed the importance of communicating with stakeholders concretely about why population data are collected and how the data will be used to improve stakeholder support for the program. Third, other interviewees said that certain birth defects surveillance terms can be confusing because birth defects can encompass a range of conditions, from structural malformations to other adverse conditions. Thus, programs need to be clear about their case definitions. Interviewees often mentioned guidelines and standards that are being developed through NBDPN as necessary to ensure a shared understanding of terms used.
Legal authority and political acceptability
The survey showed that the programs obtained their legal authority for data collection from a variety of sources. Of the 43 programs, a total of 37 reported that they obtained their legal authority to collect data from legislation only (n=20) or a combination of legislation and rule/regulation (n=17). The remaining six programs reported that they obtained their legal authority from regulations only or from their general public health legal authority. In response to questions about laws or regulations that negatively affected case reporting or record abstraction, only a few programs reported such limitations ( Table 1) . Limitations reported included a lack of access to all pregnancy outcomes, lack of legislative enforcement, hindered access to selected datasets, and restrictive rules.
A theme raised during the semi-structured interview was the need for surveillance programs to be politically acceptable. In reference to the CDC Strategic Framework considerations of data access and use, one interviewee said, "The one thing missing from confidentiality is that we are almost all government entities. The issue of political palatability is important, and if the public turns against us, then we are not going to be able to do what we do."
Interviewees also discussed expansion of data access and linkage with data sources. To examine outcomes Size refers to the size of live birth population for the catchment area: S 5 ,50,000 live births, M 5 50,000 to ,100,000 live births, L 5 $100,000 live births Geo refers to geographic coverage: S 5 statewide, R 5 regional (selected counties) Conditions refer to conditions ascertained: BD 5 major birth defects, BD1 5 major birth defects and other conditions Multistate refers to engagement in multistate data collaborations: Y 5 yes, N 5 no, S 5 somewhat of individuals with birth defects across the lifespan, interviewers reported that programs need to ensure they have sufficient authority to access and link new databases to determine health status, education progress, and costs associated with health care. The interviewers said that a challenging area for programs is access to non-health data sources (e.g., education and criminal justice databases). One strategy mentioned by interviewees was the development of and access to data warehouses to link data from multiple state programs to understand the outcomes of affected individuals.
Information sciences and technological advances
Birth defects programs used a range of medical data sources and administrative databases for case ascertainment. Active case-finding programs accessed prenatal and postnatal medical data sources more often than passive case-finding programs, while a higher proportion of passive case-finding programs than active casefinding programs relied on administrative state and other data sources ( Table 2) .
Programs are experiencing data flux as medical information transitions from paper to electronic formats. Specifically, they are reporting qualitative changes regarding data collected as a result of the transition from historical hard copy to electronic media, with active case-finding systems reporting more fluctuations than passive case-finding programs. Drawbacks of reliance on electronic health records (EHRs) for public health surveillance mentioned by interviewees included condensation of medical information in primary data documents, lack of systematically organized files, and increased repetition of information in different sections of medical records (Table 3) . One benefit of EHRs that was noted was the ability for public health programs to receive file uploads from multiple hospitals within the same system, which eased the reporting burden for both reporting sources and public health programs. Several themes relevant to information technology (IT) in a shifting technological and political landscape emerged during the interviews. First, interviewees reported that, as medical information becomes electronic, remote access to the data systems containing the medical information has increased the efficiency of record review and verification, allowing for reduced travel time for data abstractors and quicker record retrieval. The drawback of this shift to EHRs is that information access is more restricted. For example, program access can be restricted to certain parts of medical charts or to particular program staff members. Data systems' designs might block certain search and/ or copying features, which makes it more difficult for programs to find and abstract needed information. Second, interviewees reported that health information exchanges are becoming a reality in certain regions of the country. Although the program directors recognized the need to prepare for electronic health exchanges, only a few were actively engaged in pilot exchange projects. One interviewee noted that this exchange will eventually shift the emphasis of surveillance programs from how medical information is obtained to what types of data are collected, and that, "One of these days, it's going to be harder to tell passive/active systems apart. If you can look at [medical information from] your desk, it is going to be easier for passive systems to get decent data."
Workforce
Active case-finding programs predominantly had dedicated staff members ($1 full-time equivalent [FTE] position) for epidemiologist/statistician, data/IT/Web support, and data abstractors while maintaining other staff members (,1 FTE position) for director/program manager and clinical reviewers. Passive case-finding programs predominantly had 1 FTE staff member for director/program manager, epidemiologist/ statistician, and data/IT Web support. Notably, of the 26 passive case-finding programs, a total of 18 had no clinical reviewers and 13 had no data abstractors (Table 4) .
During the interviews, program directors mentioned the need for more specialized IT skills, cross training of program staff, and strategic thinking. As dependency on IT systems and processes increases, programs often struggle to train staff to understand IT functions or hire personnel with IT backgrounds. One interviewee noted, "You have more chance to teach public health people IT concepts than the other way around." Other topics raised during the interviews included the need to (1) engage staff in different aspects of managing the surveillance system, (2) allow staff input in decision making, (3) create a participatory environment for staff engagement, and (4) collaborate with experts in other programs, academic institutions, and federal agencies.
Analytic capacity and challenges
The databases commonly used by the 43 operational birth defects programs were Access ® (53%) and Sequel server/Oracle (51%). The primary analytic software included SAS (70%), geographic information systems software (40%), and Excel (37%).
A primary theme for enhancing analytic capacity emerged as interviewees discussed a community of learning to provide opportunities to interact with other program analytic staff members to hone skills, such as data linkage and practical data application to produce tangible products. Also, interviewees mentioned the need to gather ideas for data interpretation and presentation to disseminate to various stakeholders.
DISCUSSION
Birth defects surveillance programs have operated across the United States for several decades and offer a rich source of data to understand the impact of these serious conditions on communities and help affected families. However, programs need to continuously focus on data improvement and utilization to ensure relevancy within a dynamic environment. We used the CDC Strategic Framework as a structure to examine current and emerging issues in birth defects surveillance.
A shared understanding of lexicon and standards can facilitate communication about the intent and utility of surveillance programs. Although the majority of the programs reported using standard case definitions, many interviewees raised the challenge of conveying birth defects terminology and public health sur veillance to stakeholders and the public. It is important that birth defects surveillance programs focus on developing and following guidelines and standards for case definition and data quality, and that they apply surveillance data collected to address public health concerns. Hall et al. note, "Public health surveillance is not defined by the system used to collect data but by the purpose of the data collection-the specific public health question that the data will be used to answer and the link to disease prevention and control." 8 Birth defects programs should be grounded on how the data will be used. Collectively, during the past few decades, birth defects surveillance programs have demonstrated a number of important public health actions, including responding to community concerns about specific environmental exposures, quantifying the burden and trends of major birth defects in the population, identifying health disparities, examining health outcomes among children born with birth defects, serving as case registries for risk factor research, and guiding and evaluating primary and secondary prevention strategies. 9 As programs strive to enhance their data utilization efforts, it will also be important to develop a collective approach to quantify and standardize the products created by birth defects programs.
At the core of birth defects surveillance is how programs define their case inclusion criteria. All active case-finding programs reported using a clinical case definition, whereas only about two-thirds of the passive case-finding programs did so. A similar pattern was observed for the use of clinical reviewers by surveillance programs. Programs must often balance the need for more accurate clinical information against resource constraints. The addition of clinical review to check for accurate diagnosis adds to a program's ability to perform certain functions, especially for etiologic research, whereas a program that focuses on data utility for monitoring and referral to services can set less stringent standards. 10 Most birth defects programs said they had specific legal authority to conduct surveillance activities, but programs must constantly address the public's concerns about privacy as more information shifts to electronic formats, and as data become linked and integrated. A salient issue raised during the interviews was the need to make the activities of public health programs politically acceptable. It is not enough that public health professionals create results that are valued. The benefits to society must also be transparent and outweigh any disadvantages. 11 When public health programs assert that surveillance is necessary to ensure population health and safety, they need to emphasize that data are gathered to address public health problems affecting the community and the data collected are needed to guide actions to alleviate these problems.
Accessing multiple data sources is key to increasing case identification and accuracy, which is especially important for programs that ascertain cases from all pregnancy outcomes or rely on provider reporting and need to perform case verification. 12, 13 Additionally, most birth defects surveillance programs have generally focused on ascertaining cases during infancy, but the need to monitor outcomes of these children as they age could shift the activities performed by surveillance programs, requiring that they have access to new data sources, such as education and criminal justice databases and data warehouses, or can adapt existing sources to address these new demands. Data warehouses that include linked databases from various health department programs, including birth defects surveillance, are available in a number of states to help researchers understand the health outcomes of children with birth defects. 14 The respondents to our survey also cited difficulties linking to or accessing data from non-health data sources. Program managers need to clearly articulate the shared benefits of linking the datasets to better serve the affected population while addressing privacy concerns.
Birth defects programs reported that the nature of the type of medical information available for data collection is in flux as health-care providers and health systems transition from paper to electronic formats. Hsiao et al. reported that as of 2012, 72% of physicians had adopted some type of EHR system and that 40% had adopted capabilities needed for a basic EHR system. 15 This changing data landscape offers opportunities and challenges. Data collectors must learn to decipher medical records that contain imprecise or verbose data; on the other hand, EHRs offer an opportunity to remotely access data sources. Programs must also prepare practices to receive data from health information exchanges and ensure system compatibility. Adopting industry standards, such as Health Level Seven International, and leveraging federal funding sources are important steps toward preparing birth defects surveillance programs for bidirectional communication and sharing of medical information within allowable regulations. Ongoing data quality vigilance will help programs as new data from various sources are used for case finding and verification. Also, constant quality control is necessary to ensure the accessibility of relevant data.
Having a skilled and dedicated workforce is essential to ensure an effective surveillance program. Drehobl et al. stress the importance of a workforce analysis, including reviewing workforce availability and identifying existing gaps and future needs. 16 The staffing pattern for birth defects surveillance programs reflects programmatic emphasis, whether on reporting systems or clinical accuracy of information gathered. However, the findings from this study show that the programs need more staff members who are better versed in IT language and systems, as programs rely on IT systems to facilitate efficient data collection and analysis. Also, enhancing analytic knowledge of the workforce through a community of peer collaborative learning is important. Beyond ongoing training, a national peer collaborative learning mechanism might improve analytic skills through hands-on learning. The NBDPN created a mechanism whereby multiple states collaborate on analytic projects and staff participate either as lead investigators or members of a research group and are able to participate in project development from inception to publication to information dissemination. Through collaborations, expertise from various members can be tapped.
Strengths and limitations
This study had several strengths and limitations. One strength was that survey responses were obtained for 100% of population-based birth defects programs in the United States, offering a current and comprehensive snapshot of birth defects surveillance practice. Also, we used a mixed-methods approach to further understand how birth defects programs were addressing major considerations affecting surveillance practice. However, a limitation was that self-reporting could have presented a reporting bias. A second limitation was that purposive sampling was used to obtain a diverse perspective to minimize reporting bias; however, generalizing findings from a sample of nine diverse programs out of 43 state programs may present limitations.
CONCLUSION
Population-based birth defects surveillance programs are encountering a changing health data collection environment that requires accounting for diminishing resources and increasing attention to the relationship between government data collection systems and privacy protection. Using the CDC Strategic Framework, we identified areas that birth defects surveillance programs are addressing, such as data quality standards development, data collection improvements, and multistate collaborations. However, additional efforts are needed to accelerate birth defects standards for health information exchanges, enhance workforce knowledge of IT, and strengthen analytic skills to improve data utilization. Our findings may inform strategic deliberations for enhancing the effectiveness of birth defects surveillance programs.
